Background. Singapore is unique in that it is a 100% urban community with majority of the population living in a homogeneous physical environment. She, however, has diverse ethnicities and cultures as such; there may be caries risk factors that are unique to this population. Aim. The aims were to assess the oral health of preschool children and to identify the associated caries risk factors.
Introduction
Singapore is a small country (268 sq miles) in South-East Asia with a diverse ethnic resident population of approximately 3.2 million and a nonresident population of about 800,000 at the time of the study. The Chinese ethnic group forms the majority (77%) of the resident population, with the Malays and Indians comprising 14% and 8%, respectively.
To reduce dental decay in Singapore, fluoridation of the public water supplies was introduced in 1958 at a level of 0.7 ppm and was subsequently reduced to 0.6 ppm in 1992 1 . Close to 100% of the population have accessibility to fluoridated water in their homes through public piped in water lines. In addition to the fluoridation of public water supplies, a dental health programme was implemented in 1949 to provide free dental treatment for all school-aged children (7-18 years) . In a 10-year water fluoridation study in Singapore, Wong et al. 2 found that these efforts resulted in a 34% and 40% reduction in the caries incidence of permanent teeth in children aged 7 and 8 years, respectively. However, in another study by Lo et al. 3 , who examined the dental caries trends ) of 6-to 18-year-old Singaporean children, the authors found that dental caries, although reduced over the years (72% decreased to 42%), was still common in the 6-to 11-year-old age group, with the bulk of treatment needs existing in the primary dentition. In a recent population-based prospective study, the prevalence of dental caries among 3-to 6-year-old children (mean age: 4.8 years) was 40% and 43% of them developed dental decay annually 4 . This problem is not unique to Singapore; the National Health and Nutrition Examination Survey (NHANES) compared the caries trend between 1988 to 1994 and 1999 to 2002 in North America and found that although there was a significant decline in dental caries in the permanent dentition, there had been no change in the prevalence of dental caries in primary teeth among children between 2 and 11 years of age 5 . Increasing prevalence of dental disease among younger children after the initial success of public health efforts to reduce dental decay is not isolated to North America and has been reported in other developed countries 6, 7 . Early childhood caries (ECC) is a devastating disease with many undesirable sequelae. This virulent disease progresses rapidly and can cause significant discomfort and pain in children. Of the seven types of pain investigated by the Nuprin pain survey in the US population, dental pain was found to be most likely to disrupt sleep and daily activities 8 . Not only does ECC affect the teeth, the consequences of this disease may lead to other issues 9 . In the 1989 US National Health Interview Survey, it was estimated that 51 million school hours were lost annually due to dental-related issues 10 . Malnutrition 11 , growth lag 12 , and poor school performance 13 have also been associated with this disease progress.
As dental caries is a complex and dynamic chronic disease that develops over a relatively long period of time, carious lesions detected in a 6-year-old child would have initiated during infancy and early preschool years 14 . Oral health services in Singapore's current public healthcare system are primarily targeted towards school children between the ages of 7 and 18 years. Current statistics, however, suggests the need to revisit the current oral healthcare delivery services with a focus on preschool children.
Some of the well-documented factors implicated in the development of ECC include dietary habits (e.g., frequent between-meal snacks, on-demand or continuous feeding throughout the night), poor oral hygiene practices, fluoride exposure, oral microbial flora, defects in the enamel structure, presence of dental disease in parents and caregivers, demographics, and social factors 9 . The impact of these factors on the development of dental caries in very young Singaporean children, however, remains uncertain. Singapore is unique in that it is one of the smallest countries in the world, with virtually 100% urbanization, and thus, majority of the population live in a relatively homogeneous physical environment. However, for the size of the country, it has diverse ethnicities, languages, cultures, and religions, as such; there may be ECC risk factors that are unique to the Singaporean population. The purpose of this exploratory study was to evaluate the caries prevalence among preschool children attending public medical clinics in Singapore and to identify associated risk factors in children with high dental caries activity.
Materials and methods

Sampling
The study was conducted in 6 of 17 public health medical clinics (Bedok, Hougang, Jurong, Tampines, Woodlands, and Yishun) in Singapore. The selected clinics were situated in various parts of the island and were likely to serve areas that comprised family units with younger children. Children who visited the public health dental clinics were deliberately excluded from this study because many patients sought care at these dental clinics only when they had a dental problem.
All patients who presented at the medical clinics for routine healthy child or immunization visits were invited to participate in the study. Study participants who had active dental decay were referred by the examining dentist to the School Dental Centre (a centralized government dental clinic that provides subsidized dental care to children) for treatment.
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The study was approved by the Health Sciences Institutional Research Board (IRB) at the University of Michigan, Ann Arbor, the Centralized IRB, and the Research Ethics Committee for Singhealth and National Health Group of Singapore, respectively. The risks and benefits of the study were explained to the parents of participating children, and their consent was obtained.
Oral examination
An intraoral examination was carried out by a single operator (C.H.L.) using the knee-toknee approach. Prior to the clinical examination, the operator was calibrated for the measurement of caries and plaque scores to ensure intra-examiner reliability. This was done by having the examiner go through a series of photographs of carious lesions of incipient (D1), enamel (D2), and dentinal (D3) caries. These photographs had previously been assigned the type of carious lesion by a gold-standard examiner. Visual assessment of the dentition and the amount of plaque accumulation were determined using a disposable dental mouth mirror and an artificial light. A disposable explorer was used only when there was a strong suspicion of a carious lesion. The clinical oral examination assessed oral health status using the decayed, missing, filled teeth, and surface (dmft and dmfs) indexes. The D1 -D3 caries diagnostic criterion that accounted for initial carious lesions was used for reporting dental caries. Briefly, the D1-D3 scale categorizes the caries process into 3 stages: demineralized lesions with no loss of enamel structure (D1), lesions with loss of structure of the enamel layer (D2), and lesions with loss of both enamel and dentinal structures (D3). The amount of plaque present on the teeth was recorded using the Silness and Loe index 15 . The index was modified such that only the plaque on the labial surfaces of the teeth was charted 16 . The average plaque score was calculated from the summation of the individual plaque scores for all the teeth; the resultant value was then divided by the number of teeth present in each patient. Missing teeth were excluded from the calculation. Eleven children were randomly re-examined on the same day of the original dental examination to verify intra-operator reproducibility, and 96% intra-operator reproducibility (kappa = 0.908, standard error: 0.028) was achieved for caries examination using the D1 -D3 caries diagnostic criteria.
Because of the young age of the study sample, some children did not have a full complement of their primary dentition. A tooth was considered to be unerupted if any part of the tooth was still covered by operculum. No intraoral radiographs were taken.
Questionnaire
A 23-item questionnaire was administered to elicit information regarding familial and socio-demographic factors, child's feeding practices, dietary habits, snacking frequency, oral hygiene practices, and parental views on the importance of oral health and dental care in their children. Some questions were designed to elicit yes/no answer, whereas others elicited answers based on a 5-point Likert scale. With the exception of some questions that were modified to adapt to the aims of this study, the same questionnaire had been previously tested in pilot studies at the Faculty of Dentistry, National University of Singapore. To determine the ease in completion of the questionnaire, pretesting of the questionnaire was conducted on eight patients in one of the public health clinics. Critiques were noted and revisions were made to the questionnaire.
Statistical analysis
All statistical analyses were performed using IBM SPSS version 20.0 (New York, USA). The participants' demographic and clinical data were analysed descriptively. Poisson regression with robust estimator was utilized to identify the predictors of the presence of dental caries, whereas generalized linear model for negative binomial distribution with log link was used to evaluate the predictors of ds and dt. All the potential risk factors/ indicators were initially evaluated separately, and the predictors with P-values <0.1 were subsequently included in a regression model with backward model selection to determine the final model.
Results
Demographics
A total of 201 children were recruited. Eleven children were excluded because of noncompliant behaviour or incomplete information in the questionnaire. Data presented were therefore based on 190 children with a mean age of 36.3 AE 6.9 months (range: 18-48 months). There were similar number of males (n = 98) and females (n = 92). Majority of the children were of either Chinese (60%) or Malay (32%) ethnicity. Due to the small number of Indian children (7%), they were grouped under the 'Other' category for the purpose of statistical analysis. Majority of the children (67%) were living in type 2 (4-5 rooms) government-subsidized housing, 16% in type 1 (1-3 rooms) government-subsidized housing, and the remaining (17%) in privatized (minimal or no government subsidy) housing (types 3 and 4).
Dental caries and plaque
Ninety-two (48%) children had d 1 Majority of the children (89%) with carious lesions had maxillary incisor caries. Analysis utilizing the chi-square McNemar test revealed that there was significantly more dental caries in the maxillary incisors compared with the rest of the dentition (P = 0.009). The odds ratio for a child with maxillary incisor caries to have carious lesions in the rest of the dentition was 12.7 (95% CI: 5.79, 27.69), with a sensitivity of 82.5% and specificity of 72.9%.
The mean average plaque index was 1.3 AE 0.8. The average plaque score was significantly associated with the presence of dental decay (P < 0.0005), dt (P < 0.0005), and ds (P < 0.0005).
Questionnaire
Dietary habits. Information on child-feeding practices revealed that 23.8% (n = 45) of the children were never breastfed. Of those who were breastfed, the mean age of weaning from breastfeeding was 4.8 AE 6.9 months (range: 0-36 months). Majority of parents (90%) reported that their child was still using the bottle regularly for milk consumption after the age of 1 year. At the time of the study, 33 children (17%) still fell asleep while breastfeeding or with a bottle containing milk, formula, or juice. Significantly higher number of Malay parents reported that their child was breastfed for a longer period of time (P = 0.002) and fell asleep while breastfeeding or with a bottle containing cariogenic substrate (P = 0.006) as compared to other ethnic groups.
Approximately, one in four children (27%) consumed 2 to 3 between-meal snacks per day, whereas 4% (n = 8) snacked ! 4 times a day.
Tooth-brushing and fluoride use. Majority of the children (90%) had their teeth brushed at least once a day. Of these, 38% brushed their teeth without supervision, whereas the remaining children had their teeth brushed by their parents, grandparents, or maids. Six children (3%) were using fluoride supplements regularly.
Parental attitudes, knowledge, and practices. Most parents (n = 158, 83%) agreed that baby teeth were important for their child's overall health and well-being. One hundred and thirty-four (71%) parents strongly agreed or agreed that they made the effort to ensure Dental caries in young preschool children 35 that their child's teeth were brushed even when they were very busy. However, only 50% of the parents strongly agreed or agreed that they could withhold snacks when their child fussed for a snack. Most parents (82%) were knowledgeable about ECC. The top two sources of information were from books/health magazines (14%) and health education (12%). Only 5% (n = 9) received information about ECC from their dentist or doctor. More than half of the parents (n = 123, 65%) were aware of the detrimental effects of allowing their child to sleep with a bottle throughout the night.
Only 3% of the children in this study had visited the dentist. The average age that parents (n = 153) felt appropriate for their child to visit the dentist was 5.2 AE 1.6 years. Twenty-seven (14%) parents did not know the appropriate age for their child's first dental visit. Only two (1%) felt that their child should have his/her first dental visit at 1 year of age. The reasons given by parents for not bringing their child to the dentist are listed in Table 1 .
Caries risk factors
Presence of dental caries by clinical examination (yes/ no). Using the backward Poisson regression with robust estimator, the presence of dental caries was significantly associated with the child's race (P = 0.044), consumption of sweet snacks ! 4 times a day (P = 0.011, RR = 1.91 95% CI 1.16-3.15), parental valuation of the importance of baby teeth (P = 0.007, RR = 1.51, 95% CI 1.12-2.04), parents' ability to withhold cariogenic snacks from their child even when their child fussed (P = 0.042, RR = 1.65, 95% CI 1.02-2.66), and the average plaque accumulation (P < 0.0005, RR = 1.52, 95% CI 1.30-1.77) ( Table 2) . Compared with the Chinese children, Malay children were more likely to have caries (P = 0.019, OR = 1.40, 95% CI 1.06-1.86).
Number of decayed teeth by clinical examination (d 123 t).
Using the backward generalized linear regression for negative binomial distribution, it was found that the child's age in months (P = 0.049, mean ratio per 1 month increase = 1.03, 95% CI 1.00-1.06), duration of breastfeeding for more than 10 months (P = 0.016, mean ratio = 1.85, 95% CI 1.12-3.05), parents' ability to withhold cariogenic snacks from their child even when their child fussed (P = 0.018, mean ratio = 1.92, 95% CI 1.12-3.29), and average plaque accumulation (P < 0.0005, mean ratio per 1 unit increase = 2.32, 95% CI 1.82-2.96) were significantly associated with d 123 t.
Number of decay surfaces by clinical examination (d 123 s)
. Backward generalized linear model for negative binomial distribution found that the child's age (in months) (P = 0.012, mean ratio per 1 month increase = 1.03, 95% CI 1.00-1.06), type of housing (P = 0.004, mean ratio = 2.17, 95% CI 1.28-3.70), duration of breastfeeding for more than 10 months (P = 0.001, mean ratio = 2.32, 95% CI 1.44-3.75), parents' ability to withhold cariogenic snacks from their child even when their child fussed (P = 0.004, mean ratio = 2.14, 95% CI 1.27-3.59), and average plaque accumulation (P < 0.0005, mean ratio per 1 unit increase = 2.32, 95% CI 1.86-2.92) were significantly associated with d 123 s.
Discussion
Despite Singapore being one of the wealthier countries in terms of GDP per capita with 18 evaluated the prevalence of dental caries in Singaporean children and found that dental caries was a serious problem in this country. The dmft (3.8) observed in Pine et al.'s (2004) study 18 was higher than that in our study (2.2) , and this could be due to the older children sampled in her study, contributing 'f' component, and the high-risk participants recruited from the School Dental Center (SDC) and kindergartens. Despite differences between the studies, both clearly indicate the high levels of dental disease in young Singaporean children. This compares unfavourably with figures from Hong Kong: a jurisdiction with comparable GDP per capita to Singapore, where the percentage of children with cavitated lesions (17%, 2.8 years AE 0.6 months) is almost half that of Singaporean children (31%) of approximately similar ages 19 . These caries statistics suggest that current preventive methods in Singapore (e.g., water fluoridation, subsidized dental treatment for school-age children) may have reached their maximum effectiveness in the reduction in dental caries.
Majority of caries-active children had maxillary incisor caries, and the presence of dental caries in the maxillary incisors carried a high odds ratio for the child to have caries in the rest of the dentition. This caries pattern is not unique to this study and has been demonstrated in other studies 20, 21 . Alaluusua et al. 16 reported that visible plaque on the labial surfaces of maxillary incisors could predict the caries status of very young children (sensitivity: 83%; specificity: 92%). The results of this study confirmed that an assessment of the presence of caries and the plaque accumulation of the 4 maxillary incisors may serve as an alternative to a full oral examination especially during public health epidemiology studies and be utilized by physicians Dental caries in young preschool children 37 and mid-level healthcare providers to detect caries in young children. At the time of the study, very few Singaporean children had been to a dentist. Furthermore, these children visited the dentist only because they had dental decay requiring attention. Thus, this practice was not protective in the caries risk assessment, but rather appeared to be a consequence of the child having dental decay.
In contrast to only 1% in Singapore, 37% of Hong Kong parents indicated that the first dental visit for their child should be around 1 year of age 22 . The American Academy of Pediatric Dentistry recommends that all children should have their first dental visit no later than 12 months of age 23 . Many Singaporean parents were unaware of the appropriate age for their child to have their first dental visit and felt that a visit to the dentist was warranted only if their child had tooth pain. Of those who reported an age, 5 years was thought by many parents to be an appropriate time for their child's first dental visit in our study. Many parents cited that their child did not require regular dental check-ups because they did not complain about their teeth. Homecare practices also appeared to be poor; close to 40% of children were brushing their teeth without supervision, a practice that is not aligned with the AAPD guidelines 24 . These worrisome attitudes and practices suggest that the establishment of a dental home at an early age was not a priority for Singaporean parents. Currently, the school dental health programme in Singapore provides free dental examination and treatment for school children (7 years of age and older), and this may have influenced parental perception on the appropriate age to visit the dentist. Additionally, there were no formalized public health dental services for toddlers and preschool children, which may explain the low awareness of the merits of preventive dental visits and subsequent utilization rate among preschool children. Although the history of breastfeeding (yes/ no) did not impact caries experience, the duration of breastfeeding was significantly associated with the presence of dental decay, dt, and ds in the bivariate analysis. We attempted to determine the cut-off age whereby breastfeeding was considered detrimental for dental decay by categorizing the breastfeeding duration into various time points. Of the various time points analysed, we chose to segregate children at the 10-month mark and found that children who breastfed for more than 10 months were significantly more likely to have severe dental decay (dt and ds) in this study. Gao et al.'s (2010) study also identified prolonged breastfeeding as a predictor for caries occurrence 4 . However, in her study, increased caries risk was associated with prolonged breastfeeding for '1-2 years' and 'beyond 2 years' in comparison with those for '<12 months'. Despite the difference in the duration of breastfeeding, both studies suggest that the duration, rather than the history of breastfeeding, may play a significant role in caries activity. Some of the proposed hypotheses for this phenomenon may be because older children who continue to breastfeed had an overall higher number of food intakes per day than those who were weaned off breastfeeding at an earlier age. Erickson et al. 25 proposed that although breast milk alone would not cause ECC, it could potentially aggravate ECC severity when combined with other carbohydrates. The data on breastfeeding and its Dental caries in young preschool children 39
water filter and brand, use of bottled water), and the usage of household income, albeit sensitive among participants, is likely a more accurate reflection of socio-economic status.
In conclusion, this study demonstrated that despite being an affluent country with 100% fluoridation of water supplies, caries remains high in preschool children in Singapore. Malay children, a minority group, had more dental decay compared with other ethnic groups, which may be attributed to certain cariogenic homecare practices that were more prevalent in this group. Of interest, the study found that prolonged breastfeeding, although not associated with the presence of decay, contributed to the severity of dental decay in this population. Collectively, these findings suggest that despite past successes with current preventive methods to reduce caries, other risk factors such as child's race, and dietary and breastfeeding habits need to be addressed to lower caries levels in Singapore.
Why this paper is important to paediatric dentists • Despite being a fully urbanized and 100% fluoridated country, the occurrence of dental caries (dt and ds scores of 2.2 and 3.0, respectively) was high in 18-to 48-month-old preschool children in Singapore. This highlights the need to focus on other contributory risk factors such as dietary habits that may be unique in certain minority races and other cariogenic habits such as the extended length of breastfeeding.
